[1] Analysis of continuous seismic data recorded by a dense passive seismological network (Hi-CLIMB) installed across the Himalayas reveals strong spatial and temporal variations in the ambient seismic energy produced at high frequencies (>1 Hz). From June to September 2003, the high-frequency seismic noise is observed to increase up to 20 dB (relative to (m/s) 2 /Hz) for all the stations located along a steep 30-km-long narrow and deeply incised channel of the Trisuli River, a major trans-Himalayan river. The early summer increase in high-frequency energy is modulated by a 24-h periodicity where the minimum of seismic noise level is reached around noon and the maximum is reached late in the evening. A detailed study of seismic noise amplitude reveals a clear correlation with both regional meteorological and hydrological data along the Trisuli River. Seasonal increase in ambient noise coincides with the strong monsoon rainfall and a period of rapid melting of snow and ice in the high elevations. The observed 24-h cyclicity is consistent with the daily fluctuation of the precipitation and river discharge in the region. River-induced seismic noise is partly generated by stream turbulence, but this mechanism fails to explain the observed clockwise hysteresis of seismic noise amplitude versus water level. This pattern is better explained if a significant part of the observed seismic noise is caused by ground vibrations generated by bed load transport. This points out the potential of using background seismic noise to quantify in continuous river bed load and monitor its spatial variations, which remain difficult with classical approaches. 
Introduction
[2] Assessing the level and the periodic variations of background seismic noise at seismological stations is of first importance to determine threshold limits for the detection and discrimination of seismic signals. As a result, there has been considerable interest in determining the nature of the seismic noise environment [e.g., Brune and Oliver, 1959] and the factors controlling it through large permanent seismological arrays [e.g., Peterson, 1993; Stutzmann et al., 2000; McNamara and Buland, 2004; Stehly et al., 2006] and temporary seismic networks [e.g., Wilson et al., 2002; de la Torre and Sheehan, 2005] . It appears that the ambient seismic noise affects the entire frequency band studied in seismology from 10 À3 to 10 2 Hz. Here, we focus this study on mechanisms involved in seismic noise generation, which exhibit strong temporal variations at various periods.
[3] At low-frequency (<10 À1 Hz) sources are primarily natural, induced by local weather conditions, like diurnal temperature or atmospheric pressure variations [Zürn and Widmer, 1995; Beauduin et al., 1996] . Some of the very low-frequency noise 10 À3 -10 À1 Hz has been attributed to infragravity waves, presenting seasonal fluctuations, mainly given to be generated by the ocean and controlled by the spatiotemporal variations of the storms over the oceans [Rhie and Romanowicz, 2004; Schulte-Pelkum et al., 2004; Stehly et al., 2006] . The oceanic source dominates through the ''microseism'' band, usually between 5 Â 10 À2 -10 À1 Hz for the primary band [Oliver and Ewing, 1957] and 10 À1 -2 Â 10 À1 Hz for the secondary band, producing a peak of noise amplitude at 0.2 Hz, visible anywhere on the Earth [e.g., Longuet-Higgins, 1950; Gutenberg, 1958; Peterson, 1993; Stutzmann et al., 2000] . Early works of Banerji [1924 Banerji [ , 1930 have also revealed the influence of regional weather condition, such as the southwest monsoon, on the amplitude of seismic noise produced in the microseism band.
[4] At high frequency (>1 Hz), seismic noise is mainly dominated by cultural sources [e.g., Marzorati and Bindi, 2006] . Traffic and industries are responsible for an important noise level and induce very strong diurnal variations [McNamara and Buland, 2004] . Among natural sources, winds can be considered as broadband sources, producing large amplitudes of noise at high frequencies (>1 Hz) [Bahavar and North, 2002] and important long-period noise on horizontal components [e.g., Withers et al., 1996; Young et al., 1996; de la Torre and Sheehan, 2005] encompassing fluctuations in response to the variation of the wind intensity [Wilcock et al., 1999] .
[5]
In this paper, we analyze the data acquired by a largeaperture, densely spaced temporary seismic array set across the Himalayas and southern Tibet. Stations were sampling many kinds of seismic noise from cultural to natural sources. We focus our analysis on a segment following the trans-Himalayan Trisuli River, which is affected by monsoon rainfall and melting of snow and ice over one year. In the context of such strong meteorological and hydrological fluctuations, this data set is well suited for the study of the influence of rivers on the amount of seismic noise and its spatiotemporal variation, a critical issue in the Himalayas where Nepal Seismic Network shows strong spatiotemporal variations of its detection capacities [Bollinger et al., 2007] . Rivers have long been recognized as sources of seismic noise but, to our knowledge, the mechanism responsible for coupling the river energy to seismic noise has never been explored. Following a brief description of the studied temporary network, we examine ambient seismic noise characteristics over one complete year, encompassing periods of large hydrological changes. We compare the ambient noise features to hydrological data and evaluate the potential of using seismic records for hydrological studies focused on bed load monitoring.
Data and Processing

Hi-CLIMB Seismic Data Acquisition
[6] This study is part of the Himalayan Tibetan Continental Lithosphere during Mountain Building experiment (Hi-CLIMB), a project designed to image the lithospheric structures across the Himalayan collision zone. During this 3-year experiment, 115 broadband seismometers were deployed over 280 sites from southern Nepal to the Banggong suture in central Tibet [Nábělek et al., 2005; Hetényi, 2007] . The southern section of the network (named hereafter phase 1) consisted of 75 stations, with an interstation distance of about 3 km, installed from the Terai plain to southern Tibet along the south-north Birganj-HetaudaNaubise road in order to keep a linear profile (Figure 1 [7] Three types of seismometers (velocity meters) were used: broadband seismometers Streckeisen STS-2 and Guralp CMG-3T with a natural period of 120 s, and intermediate-band seismometers Guralp CMG-3ESP with a natural period of 33 s. All these instruments have a flat response up to 50 Hz. To compare results from different instruments, seismograms were corrected for instrument response. The REFTEK (72A08) 24-bit recording system had a sampling frequency of 50 Hz with an antialias, lowpass filter at 20 Hz. In addition to a thick soil cover, they have been thermally isolated with a 4 cm thick polystyrene insulation and glass wool.
[8] The environmental conditions are variable along the profile, with the proximity of towns and frequented roads especially for the southern stations (Terai basin), whereas in the Himalayan range large villages are rare, roads are infrequently traveled. The geological setting of the seismological stations also varies along the array. South of the Main Frontal Thrust (MFT) (stations H0010 -H0120), the instruments are located in the Terai basin constituted of recent alluvial layers deposited over a molassic formation named the Siwaliks group formation [e.g., Upreti, 1999] . Farther north, from the north slopes of the Siwaliks hills to the high Himalayan range, the outcrops consist of granite, gneiss and high-grade rocks of the Kathmandu klippe (stations H0170 -H0320), overlying lower grade lesser Himalayas metasediments [Upreti, 1999; Bollinger et al., 2004] (stations H0330 -H0430). Through the high Himalayan range, instruments (stations H0440-H0530) have been installed along the bottom of a narrow valley incised in crystalline rock units consisting mainly of gneisses and quartzites [Upreti, 1999] . Finally, in southern Tibet, stations (stations H0540 -H0710) are located over the Tethysian sedimentary series.
Noise Power Spectral Density Estimation
[9] An example of two 1-d-long records from station H0460 (Figure 2) , located in the vicinity of the Trisuli River, reveals large temporal variations of the seismic noise. During summer, high-frequency noise is one order larger than during winter. Moreover, a daily variation of the noise during summer is also noticed, with larger noise amplitude at night than during the day.
[10] To quantify the energy emitted at given frequencies from the seismic recordings, we computed the power spectral density (PSD) of the time series. The PSDs are calculated using Welch's averaging method [Welch, 1967] . The purpose of this power spectral estimator is to reduce the variance of spectra, dividing the time series in segments potentially overlapping. Segments are windowed using a Hamming window to avoid side effects when the signal is cut out. A modified periodogram [Welch, 1967] is calculated for each segment at given frequencies and the PSD is deduced from averaging the periodograms. The use of a multitaper method (MTM), usually offering greater frequency resolution and variance properties, do not significantly improve the analysis results. Small differences, never exceeding 5% for the frequency range studied here, argued therefore for the lower time consuming Welch's overlapped segmented average techniques ( Figure S1 of the auxiliary material).
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[11] Two procedures were used for enhancing the different timescales in the observed fluctuation of ambient noise level, from hours to seasons. The first approach consists of extracting a full-day recording, subdivided into 1-h-long segments with 50% overlap. A PSD is then calculated over each window and averaged to obtain a daily spectrum. This procedure is used to study the spatial evolution of noise energy by averaging each daily PSD through the entire year. The window length and the sampling rate were a good compromise between the computation time and the spectrum resolution required to obtain a small variance at all frequencies. The second procedure consists in extracting records of 10-min length subdivided into eight 75-s-long segments with no overlap. This method serves to characterize the rapid temporal variations of the energy produced at a given frequency. Once again, the choice of the sampling rate and the window length with no overlap is efficient to get an accurate resolution of PSDs with a reasonable calculation time. These procedures were applied to data from each station component and results are given in decibels [dB] Figure 3 . These stations include station H0050 underlain by low-velocity sediment layers [Hetényi et al., 2006] on a foreland basin; station H0230 located on the Kathmandu klippe crystalline unit of high Himalayan affinity; as well as stations H0460 and H0660 in the High Himalaya and southern Tibet, respectively. The noise levels are compared to the world noise bounds determined by the low-and highnoise models of Peterson [1993] .
[13] As expected, station H0050, located in a densely populated area and installed on soft sediments, is the noisiest station over the entire frequency band (Figure 3 ). Horizontal components display energy amplitudes systematically larger by 20 dB than at stations located north of the MFT, and the microseismic peak at 0.2 Hz is more pronounced. Low-frequency noise (<0.2 Hz) remains almost constant for stations located north of the MFT, as depicted by the noise spectra at stations H0230, H0460 and H0660 ( Figure 3 ). All these stations are installed on bedrock. These observations point the role played by local geology on the amplitude of seismic noise, like the presence of lowvelocity sediments south of the MFT, which probably produce strong waveguide layers to seismic waves.
[14] In the high-frequency band (>1 Hz), the energy decreases up to 50 dB from south (station H0050) to north (station H0660) meaning that the noise level is diminished by a factor of 300. This noise decrease is consistent with a northward decrease in population density from Nepal to Tibet (Landscan, 2005, http://www.ornl.gov/sci/landscan/ index.html), hence a similar decrease in anthropogenic Figure 3 , this station having a similar noise level energy at high frequencies as H0230. Since these stations are located far from any major cities and high traffic roads, the origin of this seismic noise, in this frequency band, cannot be linked to anthropogenic sources and is rather related to natural sources.
Seasonal Variations
[15] The analysis of seasonal background noise modulation may help differentiating processes of seismic noise generations that can be associated with natural sources, at least climatic ones. Figure 4 presents the seasonal fluctuation computed with the first procedure of PSD calculation and the difference realized on the average PSDs for the month of July and February for a given station. In the microseism band (0.1 -1 Hz), stations H0050, H0230, and H0460 record larger energy amplitudes in July by about 5 to 10 dB (Figure 4 ). The appearance of oceanic depressions localized over the Gulf of Bengal during the summer monsoon period [e.g., Lang and Barros, 2002] could explain the enhancement of oceanic swell and thus the larger amplitudes of the 0.2 Hz peak [Banerji, 1930] . Although still visible, this effect is attenuated for the northern stations on the Tibet plateau, like H0660 ( Figure  4) .
[16] The main seasonal noise variation is seen in the highfrequency band (>1 Hz) for station H0460 with an average increase of 15 dB during summer, whereas stations H0050 and H0230 do not show any significant seasonal changes in this frequency band (Figure 4 ). The noise amplitudes on the seismograms from station H0460 are then 6 times larger at high frequency during the monsoon period than during the dry season (Figure 2) . A similar observation is made at most stations located along the Trisuli River.
Daily Fluctuation
[17] The above analysis is too coarse to study the mechanism of possible background noise induced by rivers, for this we look at daily variations. In Figure 5a , we present the spatial and temporal evolution of the seismic noise level at all the Hi-CLIMB stations located close to the Trisuli River. For each station, we calculate the daily high-frequency energy on the vertical component over a chosen frequency band (Figure 5b ). The center and the width of the selected band have been chosen based on the frequencies that are visibly excited during the summer months. For stations where no obvious seasonal variations are observed, the default 2 -10 Hz band is chosen.
[18] The daily noise levels during 2003 at stations close to the Trisuli River, reveals a strong increase of the highfrequency energy (>1 Hz), from stations H0410 to H0560 (Figure 1 ) from June to September (Figure 5a ). For these stations, the level of noise shows a first increase at the end of May lasting until mid-June. Then, the energy reveals a second increase and reaches an almost constant level until the end of September with intermittent peaks that are well correlated between stations. The time period of energy enhancement coincides with the summer monsoon period in Nepal, during which depressions centered over the Gulf of Bengal [e.g., Barros and Lang, 2003] (Figure 5c ), whereas at the northern and southern ends of the Trisuli River covered by the Hi-CLIMB network, the summer increase of high-frequency energy is attenuated or not visible ( Figure 5 ).
[19] The annual three-component PSDs through year 2003 at high frequencies are displayed in Figure 6 for stations located along the Trisuli River. The summer enhancement of the high-frequency energy is seen at all components. However, the amplitude of seismic noise and the bandwidth of the excited frequencies are larger on the horizontal than on the vertical component recordings (Figure 6 ). Two steps of increasing noise level are seen in June while a wider band of frequencies is progressively excited. This widening of the noise band is mainly observed at lower frequencies (stations H0420, H0460, and H0470, Figure 6 ). In January the level of background noise is constant during the day, except some perturbations probably due to cultural noise. In July the background noise level is one order larger than in January and depicts fluctuations within a day where a maximum amplitude is observed in the evening.
[20] The hourly fluctuation of the summer high-frequency energy is shown in Figure 7 . The appearance of the summer seismic noise coincides with the appearance of a 24-h period cycle and is superposed to a constant increase of the daily average noise level. This 24-h cycle has a minimum amplitude reached at 01 pm and a maximum amplitude late in the evening (Figures 7 and 8 ). This suggests that the source responsible for this seismic noise is anticorrelated with the possible sources of anthropogenic noise, which has a minimum at night. This 24-h periodic signal is observed from stations H0440 to H0510 covering about 30 km along the Trisuli River (Figure 8) . South of station H0420 and north of H0510, the diurnal modulation of the summer seismic noise at high frequencies is not present. These ''low-noise'' regions coincide with areas where the gradient of the river stream is small (Figure 5 ).
Discussion
[21] The proximity of the Trisuli River to stations showing seasonal variations of energy at high frequencies suggests an interaction between the source of noise and the river discharge. To test this hypothesis we compare local meteorological and hydrological data with the noise level curves obtained from the seismic stations installed along the river. Although some hydrological studies and monitoring have been conducted in the past along the upper Trisuli [e.g., DHM, 1998; Sharma and Adhikari, 2004] and the Langtang Khola, one of its major tributaries [Fukushima et al., 1987; Takahashi et al., 1987] , the river discharge and sediment load remain largely unmonitored. For this reason, we first introduce the meteorological context of the study region for year 2003, precipitation water being one of the main contributors to the Langtang-Trisuli river hydrology [e.g., Braun et al., 1993 Braun et al., , 1998 ]. We next introduce the available water level time series and discuss the complementary hydrological data set.
Comparison With Meteorological Data
[22] We compare the precipitation rates (mm/d) calculated with a 10-d moving average for 8 meteorological stations monitored by the Department of Hydrology and Meteorology of Nepal (DHM) located along the Trisuli River (white diamonds on Figure 1 ) with the average integrated energy on the velocimeter's three components and over a significantly excited frequency band (3 -15 Hz) at stations H0420, H0460 and H0480 for year 2003 (Figure 9 ). We focus on these specific stations located through the area encompassing large summer increase of the high-frequency noise ( Figure 5 ) because they almost operated continuously during the experiment. From January to May the precipitation in the region are rare and weak meanwhile the noise level is low. However, the noise level time series does not correlate with the rare local rainfall (Figure 9) . In June at the onset of the monsoon season, the precipitation rate increases and remains at the highest levels of the year until the end of September. In June, seismic noise at the observed stations increases rapidly, reaching an amplitude threshold for the following three months. At the end of September, the precipitation rates depict a sudden decrease whereas the recession of ambient noise is gentler (Figure 9 ). The overall [23] Monitoring hourly precipitation at an automatic weather station in Syangboche (Khumbu-eastern Nepal) at 3850 m, Ueno et al. [2001] show a remarkably periodic diurnal cycle during the summer monsoon. The total amount of precipitation from 04 pm to 06 am corresponds to 88% of the daily total amount. This result is supported by complementary observations made at higher altitudes (at the Pyramid Meteorological station at 5050 m) in the same region [Bollasina et al., 2002] and farther west along the Annapurna range by a 16-station hydrometeorological network [Barros et al., 2000; Barros and Lang, 2003] . [Barros and Lang, 2003] indicate that the main peak of precipitation in the Annapurna region comes around midnight, the minimum of rain being generally observed between 06 am and noon. This diurnal precipitation periodicity during the summer monsoon might thus be systematic along the front of the high range in Nepal and appears to be closely tied to our observations of the daily seismic noise variations along the Trisuli River (Figures 7 and 8) .
[24] Although the daily fluctuations of monsoon rainfall are in phase with the diurnal pattern of seismic noise observed at stations along the Trisuli River, we notice some discrepancies between noise level and precipitation rates over longer periods. For instance in April and May, the seismic noise gently increases whereas average precipitation rates do not differ from previous months (Figure 9) . Similarly, the noise from October to December remains at a higher level than during the period preceding the summer monsoon, whereas episodes of rain are essentially nonexistent. Finally, peaks of noise level during the monsoon period are not well in phase with peaks of precipitation (Figure 9 ). 
Comparison With Hydrological Data
[25] Monsoon rainfall is not the only supply of water for Himalayan rivers, melting snow and ice are also major additional contributors. Fukushima et al. [1987] presented a study of the Langtang valley in which three glacier watersheds were instrumented from July 1985 to June 1986. Some hydrological studies have been conducted in rather similar Himalayan hydrological contexts, p.e. in the vicinity of the Garhwal glaciers and the river they feed [e.g., Singh et al., 2003 Singh et al., , 2005 , describing large diurnal and seasonal variations in discharge and sediment fluxes, including runoff delaying and hysteresis trends between discharge and the suspended sediment concentrations. Continuous measurements of the discharge of the largest tributary to the Trisuli River the Langtang Khola (Figure 1 ) during this period show a gentle increase of discharge from April to May followed by a rapid augmentation in June due to the fast melting of snow and ice in glaciers in response to increased air temperature [Takahashi et al., 1987] . In July and August, discharge rates reach the largest values, followed in September to October by a period of rapid discharge recession, whereas from November to March the discharge decreases only slightly. [Fukushima et al., 1987] also observe a daily fluctuation of discharge during July and August. According to them, the hourly discharge rate is the largest from 09 pm to midnight in the Langtang Khola watershed. These seasonal and daily variation of discharge measurements seem to be well correlated with our observations of noise levels at seismic stations close to the Trisuli River. Unfortunately, there is a lack of continuous and reliable water discharge measurements along the Trisuli River, except a measurement of the daily water level variations in the town of Betrawati, close to station H0370. Furthermore, to our knowledge, this transport is not monitored on regular basis along the Trisuli River. Total dissolved solids (TDS) episodic measurements at Betrawati Figure 8a . The 24-h periodicity, with maximum noise around 2200 LT, is observed along a segment of 30 km along the Trisuli River. North and south of it, the cyclicity is typical of cultural sources with a maximum reached during the day.
barrage in 1993 -1994 depict seasonal variations, with a peak of amplitude in July August around 5 times higher than the fall-spring values [Galy and France-Lanord, 1999] . Considerably greater variations are suspected for the suspended sediments [e.g., Evans et al., 2004] while almost all the bed load transport is given to be accommodated during the summer monsoon. On Figure 9 , we compare the integrated water level at this hydrological station with the integrated seismic noise level estimated at stations H0420, H0460 and H0480. From January to April, both recordings keep a constant level with a few sudden increases of water level that does not match to noise level, except perhaps one in early February. As from the middle of May, water and seismic noise levels undergo increases during which fluctuations are well correlated, for example, the rapid and strong recession of noise and water level observed in the first part of June. During the monsoon period, the time series of both data sets is well correlated. As mentioned earlier, the daily precipitation rate variations could not fully explain the seismic noise variations (Figure 9) . Moreover, at the end of September, when the precipitation rapidly decreases, the decrease in noise level follows the similar slower diminution of water level. Overall, the correlation coefficient between H0460 seismic noise and water level is 0.86, whereas it is only 0.61 with precipitation. [26] The correlation between seismic noise and water level clearly suggests that the main source of seismic noise during the monsoon period is linked to the variations in the stream power of the Trisuli River along its fast flowing portion in the High Himalaya zone. The accommodation of the water supply from precipitation or snow/ice melt may vary dramatically along the Trisuli River due to variations of the watershed and the evolution of the river geometry from north to south. South of station H0370, the river has a weak gradient and a wide channel, up to 100 m during the monsoon, and the supply of water is mainly accommodated by an increase of the width. On contrary, through the High Himalayan range, the river has a strong gradient and the channel is narrow, around 10 m. Flanked by steep slopes, the large amount of water supplied by the monsoon is mainly balanced by an increase of the water level, which enhances the basal shear stress of the Trisuli River. The fluvial shear stress exerted by the flowing water is defined as
Sources of ''River'' Seismic Noise
where r is the fluid density, g is the gravity, S is the water surface slope, and R the hydraulic radius. R can be expressed as the function of the channel width W and the water level H in the approximation of a rectangular section:
Thus, assuming a constant section, an increase in H produces a much higher increase in basal shear stress than an increase in W. One effect of the increase in the basal shear stress is the initiation of the bed load motion.
[27] The correlation of the integrated seismic noise with the water level of the river reveals that the hydrodynamics is a possible source of seismic noise. Because of a larger river discharge during the monsoon, the turbulence induced by the stream is probably at the origin of the observed seismic noise. In Figure 10 , the plot of the seismic noise level at H0420, H0460, and H0480 as a function of the water level for the whole year 2003 reveals a well-developed hysteresis pattern. This result shows that for equivalent water level the amplitude of noise recorded at the beginning of the monsoon (June to July) is larger than the one recorded at the end of the rain season (September to October). If turbulent flow is the only source of seismic noise, one would expect a linear trend between amplitude of seismic noise and water level. No large variation of high-frequency seismic noise should be observed between the beginning and the ending of the summer monsoon. However, the hysteresis pattern demonstrates that the stream turbulence cannot be the unique source of high-frequency seismic noise.
[28] Through the high range where the Trisuli valley is well incised and water supply is mainly accommodated vertically, the river gradient is steep (Figure 5 ), the bed load is coarse and consists of large boulders. On the other hand, farther south, where river gradient is gentler and the channel is wider, the bed load is finer, consisting of smaller pebbles. This spatial variability of the bed load type along the Trisuli River, caused by the variations of its hydrodynamics, seems related with the north-south variations of the high-frequency seismic signal that we observe at stations along the flow. We suspect that part of the available bed load at the beginning of the rainfall season have been used or removed at the end of the monsoon, which leads to a decrease in the rivergenerated seismic noise, since only the largest boulders remain available to produce noise. Moreover, from July to August, despite a constant increase in water level (from 3.25 to 5 m), the amplitude of the noise remains almost constant (<2 dB). This threshold behavior of seismic noise energy reminds the classical concept of critical shear stress used to describe the river transport capacity [e.g., du Boys, 1879; Shields, 1936] . If the stress of the flowing water is less than the critical shear stress, particles within the river will remain motionless. Only when the stress exerted by the flowing water exceeds the critical shear stress, movement will be observed. If motion of all the available river bed load is already involved, an increase in water level should have no influence on seismic noise.
[29] North of station H0560, noise levels do not show any variation correlated to the monsoon period. It can be explained by a weak river discharge due to rain shadow effects of the range or by the higher altitudes of this region, which reduce the amount of water coming from snow and ice melt. Furthermore, despite of the major effect of monsoon rainfall in the water supply south of Betrawati, we do not have significant seasonal changes in the amplitude of noise. Stations in the southern part of the river are located in the vicinity of river segments for which the bed load characteristics are not efficient to produce seismic noise either due to a missing large fraction of the bed load or variations of the basal shear stress.
[30] All these observations point the influence of the different mechanisms of bed load transport on the recorded seismic noise. The motion of blocks within the river should produce seismic waves since this solid fraction is coupled to the ground.
Conclusions
[31] Our study reveals that some hydrodynamics features of the Trisuli River can be assessed from the temporal/ frequency analysis of continuous seismic records at Hi-CLIMB stations installed along its bank. On the basis of our observations, motion of the bed load on the river bedrock, including pebble saltation or bed load creep, is a plausible mechanism for the generation of the observed high-frequency seismic noise, which suggests that seismometers can be used to monitor bed load transport. Furthermore, recent work by [Huang et al., 2007] shows, using time-frequency analysis of ground vibration in an experimental context, that some seismic noise in the 10 -150 Hz band is generated by rock motions. Both observations let us suspect that the bed load transport in the rivers is an important contributor to the seismic noise in the vicinity of large rivers. This type of load transport is one of the most efficient mechanisms of erosion and is a major cause of damage during high floods. The evaluation of the river bed load remains difficult to quantify due to a potential strong hydrodynamics. The Hi-CLIMB network, not being designed for such a purpose, lacked configuration which would facilitate more accurate evaluation of the bed load transport along this trans-Himalayan river. Furthermore, independent estimates of the bed load were also lacking, but our study points out the potentials of this new approach. Seismic-based measurements of bed load can potentially overcome some of the weakness of commonly used methods in an extreme flowing water environment. First, the presented method is noninvasive because seismometers are deployed outside the river channel. In our study, some stations (H0410, H0420, etc.) were installed at more than 2 km from the river and still exhibit a clear river-generated noise. Hence, ambient seismic noise analysis can be used as a tool to continuously monitor the river bed load transport. Second, we observe a wide range of frequencies that are excited during the monsoon period, which indicates that the frequency content of the river seismic noise can potentially help to characterize the nature of the bed load and its type of motion (saltation, shearing, etc.). Third, since seismic records at one station are sensitive to a broad portion of the river near it, measurement of noise energy, corrected from the geometrical and intrinsic local attenuation, can provide an integrated value of the bed load transport along the river. Assuming that a sufficiently dense network of stations with a specific geometry including both perpendicular and transversal profiles is installed at the scale of a local watershed, restricted areas of high bed load transport can thus be localized with tomography-like inversion techniques. Finally, and perhaps most importantly, seismic data can be transmitted in almost real-time and the long-term experience of the seismological community in the rapid determination of earthquake location and magnitude determination can potentially be used, in complementary with existing methods, in warning systems for destructive floods.
